N ontraumatic lower-extremity amputation (LEA) often is an expensive 1 and catastrophic complication leading to loss of ambulatory status, permanent disability, and reduction in functional status, 2 which may be associated with decreased quality of life. In the United States, diabetes is the leading cause of nontraumatic amputations, causing approximately 57,000 performed annually. 3 LEAs occur at a much higher rate among persons with diabetes. For example, the ageadjusted LEA rate for persons with diabetes (5.5 per 1,000 persons) was reported to be 28 (95% confidence interval ϭ 24 -31) times that of persons without diabetes (0.2 per 1,000 persons without diabetes). 4 A nationwide reduction in amputation rates is the goal of several current governmental initiatives. Healthy People 2010 has set a target rate of 1.8 LEAs per 1000 persons with diabetes per year, a 55% reduction in amputation rates during the current decade along with a reduction in racial disparities. 5 More recently, the Agency for Healthcare Research and Quality has included total diabetes-related lower-extremity amputation rates as a Prevention Quality Indicator 6 with recommendations for implementation outlined in an initial Congressional National Healthcare Quality Report. 7 The Veterans Healthcare Administration (VHA) has policy directives mandating multidisciplinary facility level foot care teams, including tracking of network level age-adjusted amputation rates. 8 Although previous studies have shed some light on the nontraumatic LEAs, many of these studies are limited because they were based on hospital discharges rather than individuals. For example, Healthy People 2010 amputation rates are derived from the National Hospital Discharge Survey and the National Health Interview Survey. 5 The increasing incidence of diabetes 9 may result in changes in risk for lower-extremity complications among patients identified as having diabetes, and differences in population demographics may result in substantial variation in the prevalence of diabetes in a hospital's service area. Thus, differences in rates based purely on hospitalizations without individual level data may not accurately reflect rates among a defined denominator (ie, catchment area), preventing accurate comparisons among systems of care.
In addition, these methodologies do not distinguish between initial LEA (ILEA) and repeat amputations. 4 Individuals who have sustained an amputation are at an increased risk for subsequent amputations, potentially confounding identification of risk factors. Studies distinguishing between initial and repeat amputations are critical to developing valid and realistic measures of vascular disease progression and to assess the risk factors for ILEAs. Within a defined system of care, distinguishing initial amputations from any amputation may better enable clinical administrators to evaluate the effectiveness of the different elements of foot care co-ordination programs. 10 For example, the screening and surveillance elements of amputation prevention often are largely based in primary care clinics, whereas prevention of repeat amputations may best be the responsibility of multidisciplinary postamputation care clinics. Providing more granular information could ensure appropriate evaluation of prevention efforts (initial vs. repeat amputation prevention). Although one study also analyzed ILEAs in veterans by excluding any amputations identified by ICD-9-CM procedure codes before their study period of fiscal year 1998, 11 they did not include non-VHA use (Medicare use) for dually Medicare enrolled VHA clinic users.
In this study, we analyze ILEAs among VHA clinic users ages 18 years or older, with data from linked VHA and Medicare claims files. The primary objective of the study is to identify ILEAs from claims data. We also determine a reasonable "look-back" period that maximizes change in rates and minimizes need for data acquisition, by evaluating the rates of ILEAs with 12-, 18-, and 24-month "look-back" periods. We also examine the correlates of ILEA by demographic, health status, and healthcare system use and assess how these may be affected by selection of the observation period.
MATERIALS AND METHODS

Data
Veterans With Diabetes
The data are from the fiscal year (FY) 1999 Diabetes Epidemiology Cohort (DEpiC), linked Medicare and VHA claims on VHA clinic users identified with diabetes. Veteran clinic users with diabetes were obtained by assembling a master list of possible diabetic patients based the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes for diabetes (250.xx, 357.2, 362.0, 366.41), any diabetes-related prescription, or any A1c laboratory test performed. We used the criterion of 2 or more diabetes ICD-9-CM codes from inpatient or outpatient physician visits (VHA and Medicare) during a 24-month period, based on our earlier work. This definition had high sensitivity (73%) and specificity (98%) against patient self-report 12 comparable with previous reports using the Medicare Current Beneficiary Survey. 13 Details of the algorithm are described elsewhere. 12 Medicare is an important source of healthcare coverage for veterans. 14 -17 Previous work has demonstrated that risk covariates and amputation outcomes among VHA patients with diabetes were substantially underestimated using VHA data only. 18 Therefore, we included Medicare data files for FY1998 to 2000 for all VHA users with diagnosed diabetes. The Medicare files included MEDPAR inpatient care, Part B institutional outpatient care, and Part B physician care for each individual identified in the cohort. This resulted in a master file of unique patient records that included data from both Medicare and VHA sources.
Study Population
For the purposes of this analysis, we included all VHA clinic users identified with diabetes as of October 1, 1998. Because the focus of this report was to identify ILEAs with different definitions and observation periods, we required that VHA users with diabetes be observed for a period of 36 months. Our inclusion criteria consisted of: (1) VHA or fee-for-service (FFS) Medicare enrollment for 36 months and no enrollment in Medicare Health Maintenance Organizations (HMOs) during the observation period because of lack of encounter data for HMO enrollees and (2) alive as of the end of 2000 to ensure uniform observation period for all individuals. With these selection criteria, our final study population included 364,895 VHA clinic users with diabetes. It has to be noted that all subjects in this study were veteran clinic users with diagnosed diabetes and will be hereafter referred to as VHA users throughout this report. Although we excluded decedents, our sensitivity analysis indicated that our findings remained robust even with inclusion of the decedents. For example, there were 137 decedents with any amputations in FY2000 and the overall amputation rates increased from 8.2 to 8.5/1000, a relative change of 3.5%. A similar rate of change was found across the different algorithms and look-back periods. Therefore, in the current article we only report the results of our analysis that included only veterans who were alive as of fiscal year 2000.
Dependent Variables Nontraumatic LEAs
Any LEA was identified using ICD-9-CM procedure codes recorded in inpatient and outpatient claims files. LEAs were classified by the presence of any ICD-9-CM amputation procedure codes of 84.11-84. 19 . These codes are widely used to identify nontraumatic amputations in previous research. 4, 19 In defining amputations, we considered multiple procedures with the same ICD-9-CM code on the same day as a single amputation because there are no modifiers to enable identification of bilateral amputations. Similarly, 2 amputation codes during the same operation were assigned as a single procedure at the highest amputation level. Such procedures have been used in prior research on amputations. 10, 20 
Initial Nontraumatic LEAs
The primary aim of our study is to identify VHA users with ILEAs. This was accomplished in 2 steps ( Fig. 1 ). In the first step, all individuals with any LEA during the FY2000 period were identified by using ICD-9-CM procedure codes available in either VHA patient treatment files or Medicare files. In the absence of clinical chart information, to ensure that the amputations are most likely to have been initial amputations we followed a two-step process using backward search of claims; this backward search of claims entails "left-censoring" because individuals may have varying years of look-back period. Some individuals may have more years of available data than others. Therefore, to minimize the problem of left-censoring caused by varying lengths of the look-back period, we restricted the look-back period to all individuals to a maximum of 2 years. Under this definition, VHA users were required to have at least 24 months of prior data in either VHA or FFS Medicare system. For example, if an individual was first identified with an LEA on January 1, 2000, his or her prior data included VHA/Medicare claims from January 1998 through December 31, 1999.
In the second step, we identified individuals with an ILEA with 3 different algorithms based on I) the presence of only amputation procedure codes (84.11-84.19); II) evidence of traumatic amputations in addition to the procedure codes indicating amputations (895.xx, 896.xx, 897.xx, 928.xx); and III) evidence of previous amputation by the presence of status postamputation codes and lower limb prosthetic codes (997.60, 997.61, 997.62, 997.69, V497.x, V521.x) in addition to the procedure codes indicating only amputations. All the 3 algorithms were implemented with 12, 18, and 24 months' history; in this article, we report only results of the different algorithms with the 24-month look-back because of similar results.
Algorithm I computed ILEAs by removing any previous procedure code before the observed date of amputation in FY2000. For example using a 24-month look-back, if a VHA user had an amputation on Jan 1st 2000, and had a prior procedure code in March 1st 1998, this user will not be considered as having an ILEA. Algorithm II computed ILEAs by removing traumatic amputation codes in addition to the procedure codes for given look-back period. Algorithm III was further refined to exclude amputations from the definition of ILEA, if there was evidence of prosthesis codes prior to the first observed amputation in FY2000.
Independent Variables
These included veterans' demographic, health and healthcare system characteristics. Specifically, information from the administrative files was used to classify subjects by gender. Age was categorized into 4 groups, younger than 50 years, 50 -64 years, 65-74 years, and 75 and older. Race/ethnicity was classified as white, black, Latino, and others, including Asians, Native Americans, and other races and unknown for those unclassified. Marital status was categorized as married, widowed, divorced/separated and never married. Because 1.7% (n ϭ 6164) VHA users had missing values on this variable, we also included a dummy variable indicating missing responses. Health status was measured by physical comorbidity and mental Initial Amputations Among Veterans With Diabetes health illness. Physical comorbidity was measured by the presence of microvascular, macrovascular and metabolic decompensation conditions, derived from ICD-9-CM codes. 21 Mental illness was defined as the presence of any mental condition indicated by ICD-9-CM codes in the range of 291 to 319.
Healthcare System
Dual use of VHA and non-VHA care is common among veterans. 16, 17 The impact of dual healthcare system on the care of veterans has been documented in other studies. For example, recent data demonstrate that users initially hospitalized in Medicare hospitals (ie, community-based) were significantly more likely to undergo cardiac procedures than those users who were hospitalized in VHA facilities. 17 It also has been reported that after myocardial infarction, VHA users were more likely to undergo thrombolytic therapy at arrival, receive ACE inhibitors or aspirin at discharge. 22 In diabetes care, considerable variation in treatment of diabetic foot ulcers between VHA and non-VHA care has been reported. 23 VHA patients received diabetes and preventive care services at higher levels than their counterparts receiving care outside the VA. 24 These findings suggest that veterans who seek care in the Medicare-based system have different patterns of outcomes than those who seek their care from veteran clinics. Therefore, we used an indicator variable for healthcare system use based on having Medicare coverage.
Foot Risk Factors
Individuals with lower-extremity infections and advanced peripheral vascular disease (PVD) are at risk for LEAs. 25 Peripheral arterial disease and peripheral neuropathy have been shown to be important predictors of LEAs. 26 Therefore, we included indicators for PVD and its severity by creating indicator variables for PVD(ICD-9-CM codes 440. 21-24, 443, 440.8, 443 .81, 250.7), Generalized Atherosclerotic Vascular Disease (440.9), embolism (444.22); peripheral angioplasty (39.50, 39.59), peripheral bypass procedure other than aorta-iliac femoral bypass (39.25), peripheral bypass procedure involving the aorta-iliac femoral vessels (39.29), revision of bypass procedures (39.41, 39.49), complication from bypass (996.1, 996.52) and Gangrene nonspecific (785.4). Lower extremity infections were identified with ICD-9-CM codes and consisted of 2 groups: 1) those with deep infections (707.1) and 2) without deep infections (that included those with mild, moderate or no skin infection).
Statistical Techniques
Group differences were tested with the 2 statistic. We conducted logistic regressions to evaluate the relationship between demographic, health, and health system use characteristics on the presence of an ILEA. For ease of interpretation, we transformed the parameter estimates to odds ratios and report odds ratios and their associated 95% confidence intervals in the tables. All analyses were conducted in SAS 9.2 Windows version. 27 Table 1 describes VHA patients with diagnosed diabetes. The study population was overwhelming male (98%), 70% white, 17% black, 6% Latino, and 1% other, and 6% unknown. Only 13% of veteran clinic users were under age 50. A majority of patients were married (61%). The median age was 63.8 with 53% of the VHA patients over the age of 65 years. A majority of veterans (63.4%) were dually enrolled in FFS Medicare. Of those enrolled in Medicare, a majority (80%) were 65 years or older. 
RESULTS
Any Amputation in FY2000
Columns 2 and 3 in Table 2 represent numbers and rates per 1000 of any amputation in FY2000 and may include initial or repeated amputations sustained by VHA users in FY2000. The numbers represent any amputation identified by using amputation procedure codes in FY2000. In FY2000, Based on 364,895 veterans who used veteran health care facilities or enrolled in fee-for-service (FFS) Medicare in fiscal years 1998, 1999, and 2000 and alive as of the end of FY2000. Percent change denotes relative change in ILEA rates compared to any LEA in FY2000.
Algorithm III: ILEA based on prior procedure codes, trauma codes and prior prosthesis codes, using past 24 months' history. Asterisks represent group differences in amputation rates based on 2 tests. **0.001 Յ P Ͻ 0.01; ***P Ͻ 0.001. ASVD indicates atherosclerotic vascular disease. 1000 ). Veterans with high foot-care risk factors were more likely to sustain an amputation than those without any footcare risk factors. Those with microvascular and macrovascular conditions had significantly higher rates of amputation than those without the conditions.
Initial Nontraumatic LEAs: Different Algorithms
We did not find substantial differences in rates of detection by the definition of ILEAs (data not presented in tabular form). For example, for the 24-month look-back period, the rates were 6.4 (n ϭ 2428), 6.2 (n ϭ 2268), and 6.0 (n ϭ 2180) under algorithms I, II, and III, respectively. The relative change in ILEAs ranged between 6% (6.4/6.0) and 3% (6.4/6.2). For the 18-month look-back period, the rates were (6.8/1000, 6.5/1000, and 6.2/1000), respectively. Table 2 also summarizes the impact of varying lookback periods on ILEAs, using the most stringent algoritm (III), although we evaluated this impact using other algorithms. Results from other algorithms are not presented because of similar findings. Because amputations are rare events, even a small absolute reduction in the number of events translates into a large relative change. Therefore, columns 6 and 9 of the table displays the relative change in detection rates compared with any amputation rates in FY2000.
Impact of Different Look-Back Periods on Rates of Initial Nontraumatic LEAs
With the 24-month look-back period, ILEA per 1000 was estimated to be 6.0/1000, which translates to a relative change of 27% ({͓8.2 Ϫ 6.0͔/8.0} * 100), compared with using any amputation procedure codes to determine ILEA. The relative change in detection was 24% with ILEA rates 6.2/1000 using the 18-month look-back period (data not shown in table). The ILEA rate was considerably higher with 12 months' history (6.6/1000), which translates into a 19% change in detection rates. Table 3 displays the adjusted effects of covariates on any amputations in FY2000 among VHA patients with diabetes. Women were 65% less likely to have an amputation compared with men. Older individuals in the age group 50 -64 were 25% more likely to sustain any amputation in FY2000, compared with younger individuals younger than the age of 50; other age groups did not significantly differ from the younger age group. Black subjects were 25% more likely to have any amputation. We found only marginally significant differences (P ϭ 0.10) in the likelihood of amputations between Latinos and whites.
Predictors of Any Amputation
VHA users with macro-and microvascular complications, PVD, and deep skin infections were more likely to have an amputation than those without the complications, without PVD, and no deep skin infection. For example, VHA users with deep infection of the skin were approximately 9 times as likely as those without deep infection to have an amputation.
Predictors of Initial Nontraumatic LEAs
We also found that most of the predictors of ILEAs remained consistent irrespective of the "look-back" period ( Table 3) . For example, across look-back periods, black subjects were 15% more likely and Latino subjects were 19% (P ϭ 0.05) more likely to have an ILEA compared with white subjects. Similarly, those with high-risk foot factors and physical comorbid conditions were more likely to sustain an ILEA compared with without risk factors or comorbid conditions. Those with deep skin infections were about 8 times as likely as those without deep infections (that included those with mild, moderate or no skin infections).
However, we found that the association between age and ILEA varied by the look-back period. Individuals older than 75 years of age were not significantly different from young adults when the shorter look-back period (12 months) was used, with a 33% increase in ILEAs when the look-back period was 24 months. That adjusted odds ratio for having any amputations was 5.10 for those with gangrene compared with those without any PVD conditions. However, for ILEA, the adjusted odds ratio was only 1.94 with the shorter lookback period (ie, 12 months).
DISCUSSION
Our findings revealed an overall difference in estimates between any LEA (8.2/1000) and ILEA of about 2.2/1000, suggesting that a little more than one-quarter of individuals may have repeat amputations. Distinguishing between initial and repeat amputations is therefore policy relevant in the context of examining and understanding trends in amputation rates. It has to be noted that our ILEA rates and any amputation rates are somewhat lower than those published in the literature. Young and colleagues 11 found 3,289 ILEAs of 429,918 veterans with diabetes, yielding 8/1000, lower than 6/1000, estimated in our study. Our ILEA rates may be lower than existing studies due to differences in definitions of ILEAs. For example, Young and colleagues 11 defined ILEAs as those that occurred during their study period based only on amputation codes. However, our definition involves a threestep algorithm as discussed in the Materials and Methods section, and is especially pertinent to systems of care in which enrollees may sustain an amputation in one system and post amputation care in another.
In an earlier study of all LEAs among diabetic veterans using both Medicare and VHA data, the rates of amputations were estimated at 14.1/1000, 28 higher than the 8.2/1000 in the current study, but comparable to the 13.4 crude rate among veterans in a prospective cohort study. 26 The differences in rates between our previous and current study may be explained by differences in (1) cohort effect (increased identification of veterans with earlier onset of diabetes because of greater recognition by primary care providers of the new American Diabetes Association fasting blood glucose level of 126 mg/dl that were published in June 1997); (2) a decline in amputation rates in the veteran population during the study period 29 as a result of improved foot risk factor screening 30 ;
and (3) differences in the study population due to different inclusion criteria between the 2 studies. The current study excluded decedents and required 36 months of observation period, resulting in selection of healthier individuals, which may have contributed to lower rates of amputations. Comparison of veterans who are in the study and those excluded revealed significant differences in health status. In addition, the previous study was restricted to only FFS Medicare enrolled veterans. ILEA rates remained the same regardless of the algorithms used. However, we observed a direct relationship between rates of ILEAs and period of observation. The rates of ILEAs declined from 8.2 to 6.6, a reduction of 19%. As the length of look-back period increased from 12 months to 18 months and 24 months, ILEA rates were 24% and 27% lower respectively than the estimated rate of any amputations in FY2000. These findings taken together suggest that the gain in accuracy of estimates by increasing the lengths of observation may be smaller.
We also found that irrespective of the look-back period and definition, African Americans were more likely to have an ILEA than whites, thus adding to the growing body of literature on racial disparities in amputation rates. [33] [34] [35] [36] [37] Although we found marginally significant associations between any amputations and Latino ethnicity (P ϭ 0.10) and ILEAs and Latino ethnicity (P ϭ 0.05), our study extends prior research on veterans using procedures performed only in the VHA, which found that Latino ethnicity was an independent risk factor for LEAs. 11, 38 However, across varying lengths of look-back periods the impact of an older age group on the ILEA varied. For age, the effects were weaker with a shorter observation period. In the absence of complete medical/claims history and nursing home data, we can speculate that this finding may reflect an artifact of the older veteran population who may have sustained amputations, for example, in World War II or in the Korean War and may not require as frequent amputation care. It is also plausible that a greater proportion of individuals over 75 may have been institutionalized, precluding amputation care in outpatient settings.
The end-stage complication of PVD, gangrene, was highly predictive of any amputations and ILEAs. However, the magnitude of the association was smaller for an ILEA than for any amputations, which could be the result of greater likelihood of repeat amputations among individuals with gangrene and measurement issues. For example, preoperative gangrene has been shown to be associated with the need for revision 39 and since our definition precluded revisions, we may have diluted the association between gangrene and LEAs. Additional analysis of our data showed that, for those with any amputations in FY2000, only 6% of veterans with gangrene versus 94% without gangrene reported not sustaining amputations in FY1999. In addition, we measured gangrene based on fiscal year rather than in the immediate months preceding the amputations, which may have diluted the magnitude.
Our study has many strengths as well as several limitations. Our study is based on a nation-wide study population and therefore was able to assess a rare outcome such as amputations. We used diagnoses provided by medical care providers and therefore are not vulnerable to recall bias that is associated with self-report. However, some study limita-tions need to be noted. An important limitation is our inability to capture service use in Medicare HMOs, an important source of healthcare delivery. By requiring a total observation period of 36 months for all subjects, we may have selected a healthy sample for our primary analysis and hence underestimated rates of amputations in this population. Our study population includes only veterans who may have be sicker than the general population 40 than the general population; amputation rates have been shown to be associated with age and the general health of a population. 41 However, our methodology is applicable to any system with individual level data. It also has to be noted that the disease burden may be comparable to other social systems of care such as Medicaid 42 and the Indian Health Service. 43 Our study highlights the usefulness of administrative data in distinguishing between ILEAs and repeat amputations in healthcare systems where individual level data are available over multiple years. Based on our findings, we recommend that policy level analyses report overall and ILEA rates when examining trends and disparities in amputations in individuals with diabetes. Reporting amputation rates in multiple ways, including ILEA, would best foster quality improvement and permit fairer comparisons among systems of care (including comparisons between VHA, Medicaid, Medicare, and large private sector plans) and within healthcare systems of care (regional or site variations).
